Acute myocardial infarction (AMI) in the very elderly is associated with high morbidity and mortality. Although there are earlier studies regarding AMI in octogenarians, clinical evidences of AMI in nonagenarians are sparse. The aim of the present study was to compare in-hospital outcomes of AMI between octogenarians and nonagenarians. We included consecutive 415 very elderly (!80 years) with AMI and divided them into the nonagenarian group (n = 38) and the octogenarian group (n = 377). Clinical characteristics and in-hospital outcomes were compared between the two groups. Furthermore, we used propensity score matching to find the matched octogenarian group (n = 38). Percutaneous coronary interventions (PCI) to the culprit of AMI were similarly performed between the nonagenarian (86.8%) and octogenarian (87.0%) groups. The incidence of inhospital death in the nonagenarian group (10.5%) was similar to that in the octogenarian group (12.5%) (P = 0.487). After using the propensity score matching, the incidence of in-hospital death was less in the nonagenarian group (10.5%) than in the matched octogenarian group (18.4%) without reaching statistical significance (P = 0.328). The length of hospitalization was significantly shorter in the nonagenarian group [7.0 (4.0-9.0)] than in the matched octogenarian group [10.0 (6.5-15.0)] (P = 0.01). In conclusion, the in-hospital mortality of nonagenarians with AMI was comparable to that of octogenarians with AMI. In-hospital outcomes in nonagenarians with AMI may be acceptable as long as acute medical management including PCI to the culprit of AMI is performed.
A cute myocardial infarction (AMI) has been a major cause of death in the elderly in developed countries. [1] [2] [3] With increased life expectancy, AMI in the very elderly (!80 years) is more frequently observed in recent clinical studies than in old clinical studies. 4, 5) As compared to AMI in the elderly aged < 80 years, AMI in the very elderly had higher morbidity and mortality and received less percutaneous coronary intervention (PCI) or coronary artery bypass surgery. 6, 7) However, after the development of revascularization procedures, the prevalence of primary PCI is rapidly growing in the very elderly, 8) which suggests that the very elderly with AMI would receive guideline-recommended therapy including primary PCI and optimal medical therapy in the current primary PCI era.
On the other hand, the majority of the study population in earlier studies focusing on the very elderly with AMI was octogenarians. 7, 9) Clinical evidences regarding AMI in nonagenarians are sparse. 10) It is unknown whether clinical outcomes after AMI in nonagenarians are comparable to those in octogenarians, while the number of nona-genarians has rapidly been growing in developed countries. 11) In fact, the number of nonagenarians has increased ten-fold from 1985 to 2017 in Japan, while the total population has slightly increased in the same period, 12, 13) indicating that the more medical resources are necessary for nonagenarians. Therefore, it is important to investigate the clinical characteristics and outcomes of AMI in nonagenarians. The aim of the present study was to compare clinical characteristics and in-hospital outcomes of AMI between octogenarians and nonagenarians.
Methods

Study population:
We reviewed consecutive AMI patients in our medical center from January 2009 to July 2018. The patients aged < 80 years old or !100 years old were excluded. The study patients were divided into the octogenarian group (80-89 years old) and the nonagenarian group (90-99 years old) according to the age at the timing of admission. Clinical characteristics and in-hospital outcomes were compared between the two groups. The pri-mary outcome for this study was in-hospital death, and the secondary outcome was the length of hospitalization. This study was approved by the institutional review board, and written informed consent was waived because of the retrospective study design. Definition: The diagnosis of AMI required the following criteria: symptoms consistent with AMI, elevated cardiac enzymes including troponin T, troponin I, and/or creatinine kinase (at least two-fold increase from the normal upper limit), and ST-segment elevation or depression in electrocardiograms compatible with AMI. 14, 15) Diagnostic ST elevation was defined as new ST elevation at the J point in at least two contiguous leads of 2 mm (0.2 mV), and the AMI patients with ST elevation were diagnosed as ST elevation myocardial infarction (STEMI). 15) The other AMI patients without ST elevation were defined as non-ST elevation myocardial infarction (NSTEMI). Hypertension was defined as a medical treatment for hypertension and/or a history of hypertension before admission. 14) Dyslipidemia was defined as a medical treatment for dyslipidemia and/or a history of dyslipidemia. Diabetes mellitus was defined as a hemoglobin A1c level (as NGSP value) !6.5% or a medical treatment for diabetes mellitus or a history of diabetes mellitus. 16) We used the laboratory data at admission. Since we could not measure some laboratory data such as HbA1c or low-density lipoprotein (LDL) cholesterol levels at off hours (night or holidays), we substituted the earliest HbA1c or LDL cholesterol levels since admission as the laboratory data at admission when HbA1c or LDL levels at admission were not available. Significant coronary artery stenosis was defined as at least a 75% reduction in the internal diameter. Contrast volume used for the initial coronary angiography or coronary intervention was recorded. Acute kidney injury was defined as the increase in serum creatinine !0.3 mg/dL within 48 hours from admission. 17) The type of revascularization to the culprit of AMI was classified to PCI, coronary artery bypass graft surgery (CABG), or medical treatment (no revascularization). Initial and final thrombosis in myocardial infarction (TIMI) flow grades 18) were recorded. A stent diameter and a stent length were recorded. If multiple stents were used for the culprit of AMI, an average diameter of all deployed stents was recorded as the stent diameter, and a sum of all deployed stents' length was recorded as the stent length. Left ventricular ejection fraction (LVEF) was measured by transthoracic echocardiography during the hospitalization. LVEF was calculated through either a modified Simpson method, a Teichholz method, or an eyeball estimation. Ejection fraction measured by a Teichholz method was adopted only when a modified Simpson method was not available. Eyeball estimation of ejection fraction was adopted only when both a modified Simpson method and a Teichholz method were not available. The Global Registry of Acute Coronary Events (GRACE) risk score was also calculated. 19) Syntax score 1 was calculated except for the patients who did not undergo CAG and/or who had a history of CABG. 20) In order to evaluate patients' preadmission activities of daily living (ADL), we routinely interviewed the patients and/or their representatives about their preadmission ADL in our institution. A questionnaire regarding preadmission ADL consisted of six variables: having meals, using toilets, maintaining cleanliness, washing face, changing clothes, and moving around. Those six variables were evaluated whether independence or dependence at their admission. 21) Primary PCI: Although we did not perform PCI to the patients who were uncooperative with the cardiac catheterization procedure or the patients who could not understand the necessity of PCI because of cognitive dysfunction, we performed PCI to the culprit of AMI regardless of the patient's age. In our catheter laboratory, primary PCI were performed using standard techniques via radial artery, femoral artery, or rarely brachial artery. First, we advanced a conventional guidewire across the lesion and used a small balloon or thrombus aspiration catheter. The choice of devices was left to the discretion of each interventional cardiologist. Activated coagulation time was maintained > 250 seconds during PCI. Statistical analysis: Data were expressed as mean ± SD for continuous variables and percentage for categorical variables. Categorical variables were compared using the Pearson chi-squared test or the Fischer exact test. The Shapiro-Wilk test was performed to determine if the continuous variables were normally distributed. Normally distributed continuous variables were compared using an unpaired Student's t test. Otherwise, continuous variables were compared using a Mann-Whitney U-test. Nonparametric variables were described as median (quartile 1quartile 3). Because the number of the octogenarian group was much greater than that of the nonagenarian group, we used propensity score matching to find matched octogenarians. 22) Propensity scores were estimated by fitting a logistic regression model using the confounding factors which have significant difference in the univariate analysis between the groups. For matching, the match tolerance was set as a width of 0.25 multiplied by the SD of the propensity score distribution. 23, 24) A P value less than 0.05 was considered statistically significant. All analyses were performed using statistical software, SPSS 24.0/Windows (SPSS, Chicago, IL, USA).
Results
A total of 1,996 AMI patients were admitted to our hospital during the study period. Among them, 1,581 AMI patients that were < 80 years old were excluded. There were no AMI patients who were !100 years old during the study period. Finally, 415 patients were included as the final study population, and they were divided into the nonagenarian group (n = 38) and the octogenarian group (n = 377) ( Figure) .
The comparison of clinical characteristics is shown in Table I . Patient characteristics were comparable between the two groups except the proportion of STEMI, GRACE risk score, serum albumin, and hemoglobin levels at admission. Coronary angiography was less frequently performed in the nonagenarian group (92.1%) than in the octogenarian group (98.4%) (P = 0.04). Angiographic and procedural findings including culprit lesion, final TIMI flow grade, approach site, and type of stent were comparable between the two groups. Dependence of maintaining cleanliness, washing face, and moving around were more CLINICAL OUTCOME OF NONAGENARIAN WITH AMI frequently observed in the nonagenarian groups than the octogenarian group.
The comparison of clinical outcomes is shown in Table II. The incidence of in-hospital death in the nonagenarian group (10.5%) was similar to that in the octogenarian group (12.5%) (P = 0.487). The length of hospital stay was significantly shorter in the nonagenarian group [7.0 (4.0-9.0) days] than that in the octogenarian group [11.0 (7.0-17.0) days] (P < 0.001). Transfer to other hospitals was more frequently observed in the nonagenarian group (34.2%) as compared to the octogenarian group (17.5%) (P = 0.01). Propensity score matching analysis: In order to perform the propensity score matching, we selected gender and three confounding factors as covariates (STEMI or NSTEMI, hemoglobin levels at admission, and transfer to other hospitals) that had significant differences between the two groups in the univariate comparison. Case-control matching found 38 fuzzy matches with maximizing matching performance. Thus, the matched 38 octogenarians were selected for further analysis. The comparison of clinical characteristics between the nonagenarian group and the matched octogenarian group is shown in Table III . Clinical characteristics were comparable between the two groups except age, suggesting that the propensity score matching was appropriate. The comparison of clinical outcomes between the nonagenarian group and the matched octogenarian group is shown in Table IV . The incidence of in-hospital death was less in the nonagenarian group (10.5%) than in the matched octogenarian group (18.4%) without reaching statistical significance. The length of hospitalization was significantly shorter in the nonagenarian group [7.0 (4.0-9.0) days] than in the matched octogenarian group [10.0 (6.5-15.0) days] (P = 0.01).
Discussion
We included 38 nonagenarians and 377 octogenarians to compare clinical characteristics and in-hospital outcomes of AMI between nonagenarians and octogenarians. Although the GRACE risk score was higher in the nonagenarian group, the incidence of in-hospital death was similar between the two groups. The length of hospital stay was significantly shorter in the nonagenarian group than that in the octogenarian group. We also compared clinical characteristics and outcomes between 38 nonagenarians and 38 matched octogenarians to minimize the selection bias. The incidence of in-hospital death was not different between the nonagenarian group and the matched octogenarian group. The length of hospitalization was significantly shorter in the nonagenarian group than in the matched octogenarian group. Our results suggest that clinical outcomes of AMI in the nonagenarian may be comparable to those in the octogenarian, if appropriate acute management including primary PCI is considered.
In earlier studies, Numasawa, et al. investigated the clinical outcomes of elderly patients who underwent PCI and concluded that older patients, especially nonagenarians, carried a greater risk of in-hospital death. 10) Lee, et al. reported that the in-hospital mortality was higher in nonagenarians than in octogenarians, 2) which is different from our results. The difference may be explained by the fact that only 57.2% of nonagenarians with AMI received PCI in their study. 2) Sahin, et al. also reported the high mortality in nonagenarians with STEMI. 25) However, only 57.5% of nonagenarians received primary PCI in their study. 25) On the other hand, Kim, et al. reported that the primary PCI can be performed with a high success rate and an acceptable in-hospital mortality among the nonagenarians with STEMI, 26) suggesting the importance of PCI to the culprit lesion of AMI even in nonagenarians. Therefore, the high mortality of nonagenarians with AMI in SEGUCHI, ET AL earlier studies may be derived from the low rate of PCI to the culprit of AMI in nonagenarians. We should discuss the reasons why the in-hospital mortality was comparable between the nonagenarian and the octogenarian groups. The main reason should be the fact that PCI to the culprit of AMI were similarly performed between the nonagenarian (86.8%) and the octogenarian (87.0%) groups. Because the lesion complexity such as calcification would be affected by aging, 27) PCI to the lesion in nonagenarians would be more complex than that in octogenarians. However, the recent development of PCI techniques and devices allows us to perform PCI to more complex lesions. Moreover, as population aging is rapidly progressing in Japan, our interventional cardiologists might have many opportunities to perform PCI to the lesions including non-AMI culprits in nonagenarians. Fur-thermore, all Japanese patients are covered by excellent public health insurance and social welfare service. If a patient's age is "75 years, a self-pay ratio of all medical cost including PCI devices is !10% in Japan. Unlike other countries, it is rare to abandon PCI for poor elderly patients in Japan. Therefore, we might not hesitate to perform PCI to the culprit of AMI in nonagenarians.
We should also discuss the reason why the length of hospitalization in the nonagenarian group [7.0 (4.0-9.0) days] was shorter than that of the octogenarian group [11.0 (7.0-17.0) days]. In our study, a transfer to other hospitals was more frequently observed in nonagenarians (34.2%) than octogenarians (17.5%). Such transfer to other hospitals could shorten the length of hospital stay in our hospital. However, after adjustment for the transfer to other hospitals by the propensity score matching, the SEGUCHI, ET AL Although the clinical parameters such as peak CK/CK-MB or LVEF was similar between the two groups, the severity of AMI might be less in the nonagenarian group than in the octogenarian group. Furthermore, our clinical team might have a drive that we should reduce the length of hospital stay in nonagenarians to prevent cognitive decline or muscle weakness due to long hospitalization. Clinical implications of the present study should be noted. If the current standard managements for AMI are performed, the in-hospital mortality in nonagenarians with AMI may be similar to that in octogenarians with AMI, maintaining the appropriate length of hospital stay. If a non-PCI-capable hospital receives nonagenarians with AMI, an early transfer to a PCI-capable hospital should be considered. If a PCI-capable hospital receives nonagenarians with AMI, the current standard managements in-cluding primary PCI should be considered for better clinical outcomes in nonagenarians. Study limitations: Since this study was a single-center, retrospective, observational study, there is a risk of selection bias. Although we included consecutive AMI patients in our hospital, a non-PCI-capable hospital might not ask us to transfer frail patients who have multiple comorbidities. We could not perform CAG for all patients, partly because of patients' cognitive dysfunction. However, we could not evaluate cognitive function in the present study. Because the study period was long (January 2009-July 2018), our strategy for AMI such as indication of primary PCI might not be consistent for the study period. We might underestimate the mortality, especially in nonagenarians, because we could not gather information regarding in-hospital death after transfer to other hospitals. Finally, the number of nonagenarian was smaller than that of octogenarian. Future studies including more nonagenarians are warranted to minimize the selection bias.
